Hypoxia-ischemia upregulates TRAIL and TRAIL receptors in the immature rat brain.
The immature brain is susceptible to inflammatory injury induced by hypoxia-ischemia (HI) or infection, which causes serious neurodevelopmental disabilities in the survivors of preterm births. Recently, tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) and its receptors (death receptor DR4/5 and decoy receptor DcR1/2) were reported to mediate various neuroinflammatory responses. However, little information is available regarding the role of TRAIL and its receptors in the immature brain after HI. The purpose of this study was to evaluate the expression of TRAIL and its receptors in the immature brain after HI and relate this expression to neurological function. We performed right common carotid artery ligation followed by hypoxia (6% O(2), 37°C) for 2.5 h to induce HI in postnatal day 3 rats. The distribution of TRAIL and its receptors, caspase-3 and CD68-labeled microglia/macrophages was evaluated 24 h after HI by immunostaining. The protein and mRNA expression of TRAIL and DR5 was measured by Western blot and real-time PCR, respectively. Delayed neuronal loss was evaluated by NeuN and Nissl staining 7 days after HI. Furthermore, neurological deficits were evaluated by a righting reflex test, time of eye opening and T-maze test. The expression of TRAIL, DR5 and DcR1/2 receptors and caspase-3 was more pronounced in the ipsilateral hemisphere compared with the contralateral part and the control group 24 h after HI. DR5/active caspase-3 double-positive cells were observed at 24 h after HI in the ipsilateral hemisphere but not in the contralateral hemisphere. The TRAIL and CD68 double-labeled cells were more pronounced in the ipsilateral cortical regions compared with the corresponding regions of the contralateral part. HI also resulted in a significant increase in TRAIL and DR5 protein and mRNA expression at 24 h, which corresponded to neuronal cell loss 7 days after HI. Furthermore, the HI group displayed impaired neurobehavioral development compared with the control group (p < 0.05). Altogether our results show that the TNF-α superfamily ligand TRAIL is induced on CD68+ microglia/macrophages after perinatal HI and that one of its receptors, DR5, is induced on neocortical neurons and glial cells. That many DR5+ cells were also caspase-3+ strongly supports the conclusion that these signaling molecules are involved in the delayed loss of neurons in the neocortex and in the neurobehavioral deficits that are often seen after perinatal HI.